INTRODUCTION
Respiratory problems, together with purulent pneumonia, airsacculitis, severe growth retardation and rapidly increasing mortality were reported in meat turkeys and broilers in South Africa, Germany, the United States, France and the Netherlands (1, 2, 4 and 6). A gram-negative, pleomorphic rod, could repeatedly be isolated from affected organs. This Pasteurella-like organism has recently been referred to as Ornithobacterium rhinotracheale gen. nov. sp. nov. (7) . In experimental infections, it was possible to evoke severe growth retardation and airsacculitis in turkeys and chickens with this bacterium (8) . O. rhinotracheale strains from different countries reporting fowl infected with the organism were investigated for their bacteriological, biochemical and serological relationships and their differences from other gramnegative rods.
MATERIALS AND METHODS
Bacterial strains. The 443 O. rhinotracheale strains, involved in this study, were isolated between 1987 and 1996 from the respiratory tract, liver, joints or brain of diseased birds in various countries. All except three strains were isolated from chickens or turkeys; the other three strains were isolated from a duck (from Hungary), and from a guinea fowl and a partridge (both from France). Immediately after arrival the strains were freeze-dried and stored at -20°C. The strains were cultivated on sheep blood agars at 37° C, in a 5 to 10 % CO 2 atmosphere for at least 48 hours.
For comparative investigations, the 16 serotype-specific strains of Pasteurella multocida (3), the 17 serotype-specific strains of Riemerella anatipestifer (5) and the 3 serotype-specific strains of Haemophilus paragallinarum (9) together with 2 NADH-independent H. paragallinarum strains from South Africa (J. du Preez) and a fieldstrain of Pasteurella gallinarum (our own collection) were used. Because in the beginning we found O. rhinotracheale to react biochemically as a Kingella-like bacterium, the strains Kingella kingae ATCC 23330, Kingella denitrificans ATCC 33394 and Kingella (Suttonella) indologenes ATCC 25869 were included in the comparative studies.
Biochemical and enzymatic reactions. The biochemical and enzymatic reactions were tested using the A.P.I. system (BioMérieux SA, La Balmes-Les Grottes, France). All tests were performed under the prescribed conditions. As in the identification method used by the API system, O. rhinotracheale strains, which are oxidase-positive, gram-negative, facultatively anaerobic rods, were characterised with use of the API-20NE strip.
Serological investigations. Monovalent antisera were prepared by injecting specific-pathogen-free chickens subcutaneously twice, with a bacterin containing between 10 8 and 10 9 formalin-killed bacteria per dose in an oil adjuvant at an interval of 3 to 4 weeks. At 3 to 4 weeks after the second injection, serum was collected.
Boiled extract antigens (BEAs) were prepared as described by Heddleston (5) by washing well-grown cultures from sheep blood agar with 0.02 M Phosphate buffer-8.5 % NaCl-0.3 % formaldehyde (pH 7.2). The same buffer was used to adjust the suspensions to an optical density at 660 nm of 0.5 to 0.6 when the suspensions were diluted 1:20. Subsequently, the suspensions were boiled for 60 min at 100° C. After centrifugation the supernatants were sterilized by filtration through a 0.22-ìm-poresize filter and were then used as antigen in agar gel precipitation (AGP) tests as well as in enzyme-linked immunosorbent assays (ELISAs).
For the AGP test, glass slides were flooded with ± 1 ml of preheated sterile 1.5 % Noble agar-8.5 % NaCl-0.1 % thimerosal per 5 cm 2 . Patterns consisting of six or seven wells (2 mm in diameter) located around a central well at a distance of ± 5 mm were punched out of the agar. At 1-h intervals the wells were filled twice with ± 15 ìl of undiluted BEAs or serum. The slides were incubated for at least 48 h in a moist chamber at 37° C and were then observed for precipitation lines under UV light.
For the ELISA, polystyrene microtitre plates were coated with a 1/100 dilution of BEAs and were incubated overnight at 37°C. The coated plates were incubated for 60 min at 37°C with serial dilutions of the test sera. Subsequently, the bound antibodies were quantified using rabbit anti-chicken Immunoglobulin peroxidase conjugate (Nordic) and tetramethylbenzidine (Fluka) as the substrate.
RESULTS

Bacteriological identification.
Optimal growth of O. rhinotracheale was obtained when the organism was incubated on 5% sheep blood agar for at least 48 hours under microaërobic conditions (5 to 10% CO 2 ) at 37° C. Under these circumstances O. rhinotracheale developed small, grey to grey-white colonies, sometimes with a reddish glow and always with a distinct odor, similar to the odor of butyric acid. Upon primary isolation, most O. rhinotracheale cultures showed great differences in the colony size from 1 to 3 mm after 48 h of incubation. When the primary cultures were subcultured, the colony size became more uniform.
The most important biochemical and enzymatic reactions of O. rhinotracheale in comparison to those of Kingella spp. and the other gram-negative rods related to the family Pasteurellaceae potentially pathogenic for fowl are listed in Table 1 . By using the same tests and references, O. rhinotracheale can also be differentiated from other potential pathogenic gram-negative rods in the families Enterobacteriaceae and Neisseriaceae. Within the species O. rhinotracheale, the enzymatic reactions (performed with API ZYM strips) showed uniform results.
All 443 O. rhinotracheale strains reacted positively in the oxidase test. When tested in the API 20NE strip at the recommended temperature of 30°C, the pnitrophenyl-ß-D-galactopyranoside test (to observe the presence of ß-Galactosidase) became positive within 3 h for all strains. With the API 20NE strip, 65 % of the strains also reacted positively in the urease test and four strains (1 %) reacted positively in the arginine dihydrolase (ADH) test. For all other tests, used in the API 20NE strip, no reactions were seen even after 72 hours of incubation at 30°C. When strains were tested at 37°C in the API 20E strip, the urease, ADH and gelatine (for the presence of protease) tests sometimes reacted positively within 48 hours, even if they were negative at 30°C by the API 20-NE test.
AGP test. By using BEAs in the AGP test, seven different serotypes (serotypes A to G) could be distinguished (Table 2 and Fig. 1 ). Within serotypes A, B, D and E, different precipitation reactions were seen. The reactions of 88% of the strains belonging to serotypes A,B,D or E were visualized as sharp precipitation lines. When BEAs of different strains within a serotype were tested against the corresponding antiserum the precipitation pattern of the sharp lines showed that the precipitating antigens were identical. The BEAs of the remaining 12% of the strains produced faint precipitation lines that also appeared to represent identical precipitating antigens within each serotype, as indicated by the precipitation pattern found. The BEAs of eight strains were found to react with more than one antiserum. In addition to a sharp precipitation line against serotype A or B antiserum with these strains several faint precipitation lines against serotype A, B or E antiserum were seen. Five strains (1%) could not be typed by the AGP test with the presently available antisera. All four strains which reacted positively in the ADH test with the API 20NE identification strip at 30°C were positive in the AGP test, indicating they do belong to the species O. rhinotracheale. Information about the geographic origin in relation to the serotype of 440 O. rhinotracheale strains isolated from chickens and turkeys is listed in the Tables 3 and 4 , respectively.
No reactions were seen in the AGP test between the antigens (BEAs) of the 45 tested O. rhinotracheale strains and the antisera against the Kingella strains or the P. gallinarum strain. Also, no reactions were seen between the antigens of the 45 tested O. rhinotracheale strains and all the serotype-specific antisera of 3 Pasteurella-like rods (P. multocida, R. anatipestifer and H. paragallinarum) known to be pathogenic for fowl. ELISA. By using the ELISA and monovalent antisera (Table 2) , O. rhinotracheale could be serotyped as described above for the AGP test. Also with use of this ELISA, O. rhinotracheale could be distinguished from other relevant, gram-negative rods potentially pathogenic for fowl and with which O. rhinotracheale could be confused. The monovalent antisera contained large amounts of homologous antibodies ( 2 log titers up to 22), meaning that background reactions can easily occur. So, with these sera, we regard ELISA titers up to 10 ( 2 log) to be a negative reaction, which is an arbitrary cut-off. In addition to the data presented in Table 2 , antisera against O. rhinotracheale serotypes did not react in ELISAs with antigens prepared from the other species listed. Within each species cross-reactions occurred between the serotypes, but few cross-reaction between the species were seen. All antisera showed the highest titer against the homologous antigen. Within the species O. rhinotracheale the cross-reactions were mainly between the serotypes A, B, D and E.
In day-old turkeys as well as day-old broilers, antibodies against O. rhinotracheale could be detected. Antibody titers between 8 and 12 ( 2 log) were found at that time. At 3 weeks of age, the same birds were negative in the ELISA (titers, < 5), suggesting that these antibodies were maternally derived. Broiler and turkey flocks from The Netherlands, Germany, France, the United States, and South Africa presenting with clinical signs of an O. rhinotracheale infection were investigated for the presence of antibodies by the ELISA. In all cases, antibodies, especially against serotypes A and B, could be found (titers, between 8 and 16). By the AGP as well as the ELISA, seven serotypes of O. rhinotracheale could be distinguished. Some cross-reactions were found between the serotypes A, B, D and E in both tests. In the AGP test it was found that two different precipitating antigens can occur within the serotypes A, B and E, which probably explains why these serotypes also show cross reactions in the ELISA. These reactions, as well as the 5 strains (1%) with for O. rhinotracheale positive API 20NE codes which did not react by the AGP test, need to be investigated more thoroughly.
For identification of O. rhinotracheale, we propose the use of the API 20NE strip at the recommended temperature of 30°C. Strains with the four possible API 20NE result codes should be further investigated in the AGP test. We recommend the AGP test for serotyping, whereas the ELISA might be used for diagnosting infections in infected birds. For optimal results the antigens or antisera of all seven serotypes should be used. Therefore we plan to deposit the serotype-specific O. rhinotracheale strains, as listed in Table 2 , in the American Type Culture Collection as reference strains for general use. The serotype specificity can be seen as a disadvantage for the use of the ELISA for diagnostic screening purposes because seven tests must be performed with each serum to exclude an infection. We also found that not all the birds within an infected flock were serologically positive and that serological responses in field infections sometimes were low and could disappear after several weeks. These findings should be kept in mind to prevent incorrect interpretations of ELISA results. More serological from experimentally and naturally infected birds are necessary to judge the true value of ELISA for diagnostic purposes. Such studies are in progress.
As shown in Tables 3 and 4 , serotype A was the predominant serotype among the isolates of O. rhinotracheale from chickens and the most frequently among the isolates from turkeys. All strains of the serotypes D and F and most strains of serotypes B (88%) and E (77%) in this study were of turkey origin. It is obvious that in this study the distribution of isolates of O. rhinotracheale from turkeys among the seven serotypes was more heterogeneous than was the case for the isolates from chickens. Also, relationships between the geographic origins of the strains and the serotypes seem to exist; e.g. all strains of serotype C originated from California, and all strains received from South Africa and the United Kingdom (except for one nontypable strain) belong to serotype A. By testing sera of chicken and turkey flocks suspected of being infected with O. rhinotracheale by the ELISA, serotypes A and B were found to react the strongest, which is in agreement with the prevalence of these serotypes among the isolated strains. However, it should be kept in mind that the majority of the strains and the sera tested originated from only three areas (France, The Netherlands and South Africa) which could bias the results. It is not yet possible to explain the observed differences in distribution of serotypes among isolates of O. rhinotracheale from chickens and turkeys. Previously, we have shown that a serotype A strain from a chicken and a serotype B strain from a turkey have similar virulences for both chickens and turkeys (8) . Strains of serotypes C, D and E are also pathogenic for chickens as well as turkeys (unpublished data). So there is no indication of any host specificity of the serotypes. A possible explanation may perhaps be found in different breeding practices in the chicken and turkey industries, but more thorough epidemiological and pathogenicity studies are needed to obtain final answers to the remaining questions about the emerging O. rhinotracheale infection in poultry. 
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SUMMARY
Ornithobacterium rhinotracheale is a recently described bacterium associated with respiratory diseases in fowl. In this study we characterized 56 strains belonging to different serotypes, independently isolated from bird species from various countries, by amplified fragment length polymorphism (AFLP), PCR, and polyacrylamide-gelelectrophoresis (PAGE) of the outer-membrane-proteins (OMP).
With use of the AFLP assay we were able to group O. rhinotracheale strains into 5 minor or 3 major clusters which showed some association with serotyping. Because the linkage levels between the AFLP banding patterns of these O. rhinotracheale clusters is comparable to the linkage levels of AFLP banding patterns between (sub)species of other bacteria, there may be several subspecies of O. rhinotracheale or even more species of Ornithobacterium. However, this is in contradiction to the PAGE profiles of the OMP's of the same 56 strains which show high similarity rates. Also the fact that the developed PCR proved to be specific for all O. rhinotracheale strains tested, indicating that the strains are closely related. Further investigation will elucidate whether the actual AFLP clustering represent other (sub)species.
INTRODUCTION
During the period 1991 -1997, respiratory diseases with mild to moderate symptoms in different bird species were observed in several places in the world (4, 5, 9, 12, 13). Bacteriological examination revealed a slowly growing, pleomorphic, gram negative rod, for which in 1994 the name Ornithobacterium rhinotracheale was proposed (13) . Since the pathogenicity of O. rhinotracheale was proven in experimental infection (14) , a worldwide collection of strains was set up. Up to now 1096 strains of O. rhinotracheale have been investigated biochemically and serologically. For the biochemical characterization of O. rhinotracheale the API-20NE identification strip (Bio Merieux, France), incubated at 30°C, was shown to give a 99.5 % identification score in combination with the agar gel precipitation (AGP) test (15) . Serologically, using monovalent antisera in AGP tests, so far nine serotypes of O. rhinotracheale could be discriminated, designated A -G (15) and H and I (our own unpublished observation).
To study the bacterium and the epidemiology of this disease, 56 strains of different serotypes were selected. The strains, isolated from different bird species out of different area's of the world, were investigated by PCR, DNA fingerprinting and by outer-membrane-protein analysis.
MATERIALS AND METHODS
Bacterial strains. The geographic origin, the serotype and the origin of the O. rhinotracheale strains are listed in Table 1 . The strains were grown on 5% sheepblood agar for at least 48 hours under microaerobic conditions (5-10 % CO 2 ) at 37°C or in Todd Hewitt (TH) medium (Difco, Detroit, MI, USA) for 24 hours at 37°C. All strains were identified as O. rhinotracheale with API identification strips and were serotyped with the agar gel precipitation (AGP) test as described (15) .
For comparison, 4 strains of Pasteurella multocida (X-73, P-1059, P-1662 and P-1702), 3 strains of Riemerella anatipestifer (PAA CV, PAB BRD and PAD CV), 1 strain of Pasteurella gallinarum (fieldstrain), 3 strains of Haemophilus paragallinarum (0083, Spross and H-18) and 2 strains of NADH-independent Haemophilus paragallinarum (281/91 and 4620/91), Kingella kingae (ATCC 23330), Kingella denitrificans (ATCC 33394) and Kingella (Suttonella) indologenes (ATCC 25869) were used. These strains were previously used and described when identifying O. rhinotracheale (15) . Vandamme et al. (13) found that based on 16S rRNA sequences, O. rhinotracheale showed most similarity towards the genus Flavobacterium. Therefore we also included F. breve (ATCC 14234) and F. meningosepticum (ATCC 13253) in this study.
PCR. PCR was performed using the primer combination OR16S-F1 (5'-GAGAATTAATTTACGGATTAAG) and OR16S-R1 (5'-TTCGCTTGGTC-TCCGA-AGAT). This combination amplifies a 784 bp fragment on the 16S rRNA gene of O. rhinotracheale, and was derived after comparing the sequence of this gene (Genbank nucleotide sequence accession number L19156) with 16S rRNA gene sequences from related species (10) . The final PCR volume was 50 µl containing 1µl of a strength of 1 McFarland suspension of fresh culture in TH medium as template, 2µl dNTP's (2mM), 4pmol of both primers, 0.5 U Supertaq polymerase (HTBiotechology, Cambridge, UK) and 5 µl 10X Supertaq buffer (HT-Biotechnology) in water. PCR conditions were as follows : denaturation at 94°C for 5 min, followed by 45 cycles of denaturation at 94°C for 30 sec, annealing at 52°C for 60 sec and elongation at 72°C for 90 sec followed by a final extension at 72°C for 7 min. Storage for longer periods was performed at -20°C. PCR products were separated by electrophoresis in a 1%, ethidium bromide-stained, agarose gel and were visualized by viewing the gel with an ultraviolet transilluminator.
Amplified fragment length polymorphism (AFLP). DNA was isolated according to Boom (3) , using fresh cells. AFLP was performed essentially as described by Janssen et al. and Vos et al. (6, 16) . Briefly, 50 ng purified chromosomal DNA was digested with 1 U of EcoRI (Pharmacia Biotech, Uppsala, Sweden) and 1 U of MseI (New England Biolabs Inc., Beverly,MA, USA). Subsequently, ligation of adapters to the restriction fragments was performed overnight at 20°C in a final volume of 30 µl. The ligation mixture consisted of 50 ng of chromosomal DNA, 50 pMol of each EcoRI-and MseI adapter, 1.2 U T4 DNA ligase (Pharmacia Biotech), 1mM ATP and ligase buffer (10mM Tris acetate, pH 7.5, 10mM magnesium acetate, 50 mM dithiothreitol and 50 ng/µl BSA). The structure of the EcoRI adapter is :
5
' -C T C G T A G A C T G C G T A C C -3' 3' -C T G A C G C A T G G T T A A -5' The structure of the MseI adapter is : 5' -G A C G A T G A G T C C T G A G -3' 3' -C T A C T C A G G A C T C A T -5'
After ligation the DNA was diluted with water to a final volume of 500 µl and stored at -20°C until use. The ligated restriction fragments were amplified according to Koeleman et al. (7) with the fluorescent labeled Eco-A primer (5'-GACTGCGTACCAATTCA-3') and Mse-C primer (5'-GATGAGTCCTGAGTAA C-3'), both having an one nucleotide 3'-overhang in the unknown chromosomal DNA. The final PCR volume was 10 µl containing 0.5 ng template DNA, 20ng Texas Red labeled Eco-A primer (Isogen Bioscience, Maarssen, The Netherlands), 1µl dNTP's (2mM), 60 ng unlabeled Mse-C primer, 1U Taq polymerase (Perkin Elmer) in 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 . Amplification was carried out in a GeneAmp PCR System 9600 thermal cycler (Perkin Elmer) during 35 cycles: denaturation (30 sec at 94°C), annealing (30 sec at 65°C-56°C) and extension (60 sec at 72°C). In the first 12 cycles the annealing temperature was lowered 0.7°C per cycle. After the completion of the cycle program, 3 µl loadingsbuffer (Amersham Life Science, Cleveland, USA) was added to the reaction mixtures. Prior to gel loading the amplicons were denatured by heating for 1 min at 95°C and rapidly cooling on ice. Amplified fragments were separated on a denaturing polyacrylamide gel (6 M Urea, RapidGel-XL-6%, Amersham Life Science) in 1x TBE buffer (100 mM Tris, 100 mM boric acid, 2 mM EDTA, pH = 8.0) in a Vistra 725 automated DNA sequencer (Amersham Life Science). Two µl sample of each reaction mixture was loaded on the gel and gels were run at 1500 V for 6 h.
Clustering analysis of the results of the gelelectrophoresis (saved as TIFF files) was performed with use of GelCompar 4.0 software (Applied Maths, Kortrijk, Belgium). The similarity between all possible pairs of traces was expressed by the Pearson product moment correlation coefficient (r) and grouping was obtained by the unweighted pair-group clustering algorithm (UPGMA).
Outer membrane proteins (OMP). The OMP's were prepared according to Barenkamp et al. (2, 11) . Briefly : The cells were suspended in 10 mM HEPES buffer (pH 7.4) and sonicated 10 times, 30 seconds on ice, using a Branson, model 250 sonifier with standard flat tip at a maximum output with a minimum of aeration. The cell-debris was removed by centrifugation (25 min; 23,000 g at room temperature). The supernatant was mixed with 1/4 volume of 5% (w/v) sodium-N-laurylsarcosine in HEPES buffer and stirred for 2-18 hours at room temperature. Subsequently the insoluble outer membranes were centrifugated (90 min; 183,000 g at room temperature) and the pellet was resuspended in a minimal volume of HEPES buffer with 0,1% sodium azide and stirred until the suspension was completely homogeneous. The OMP's were separated through sodium dodecyl sulphate (SDS)-polyacrylamide-gel-electrophoresis (PAGE) according to Laemmli (7), using a 12% T-gel and a 2.6% C-gel. The interpolation of the protein profiles was performed by using the model GS-700 imaging densitometer and the algorithm of Ward in the Molecular analyst software package (Bio-Rad, Hercules, CA, USA).
RESULTS
PCR.
A 784 bp amplicon was observed in the PCR with all the 56, API-20NE and AGP confirmed, O. rhinotracheale strains. None of the tested strains of the species P. multocida, R. anatipestifer, H. paragallinarum, NADH-independent H. paragallinarum, P. gallinarum, K. kingae, K. denitrificans, K. indologenes, F. breve and F. meningosepticum amplified the 784 kb amplicon product. In the collection of 1096 O. rhinotracheale strains, 6 strains were found to react biochemically but not serologically as O. rhinotracheale. These 6 strains did react as O. rhinotracheale in the PCR and are currently under investigation to identify possible new serotypes. The sensitivity limit of the PCR was between 180 and 4500 bacteria. It was found to be critical to use fresh cultures for PCR. If cultures were allowed to grow for longer than 48 hours, the PCR failed in most cases.
AFLP. Using a similarity coefficient (Sd) of 70% as a distinctive linkage level, 5 different clusters of O. rhinotracheale strains could be discriminated (Figure 1 and Table  1 ). The clusters 1 and 2 showed an Sd of 67%, cluster 3 showed an Sd of 51% with clusters 1 and 2, cluster 4 showed an Sd of 46% with the clusters 1, 2 and 3 and cluster 5 showed an Sd of 28% with the other clusters. In cluster 1 we found 9 out of the 10 tested serotype A strains, 6 out of 10 serotype B strains, 4 out of 5 serotype C strains, 7 out of 10 serotype E strains, 1 out of 3 serotype F strains and 1 out of the 3 tested serotype H strains. In cluster 2 we found 1 out of the 10 tested serotype A strains, 4 out of 10 serotype B strains, 1 out of 10 serotype E strains and 1 out of 2 serotype G strains. The serotype-C-strain ORV K91-201 (strain no. 21) was the only strain that was placed in cluster III. All the serotypes D and I strains were placed in cluster IV together with 2 out of 10 serotype E strains, 1 out of 3 serotype F strains, 1 out of 2 serotype G strains and 2 out of the 3 tested serotype H strains. Cluster IV contained only strains isolated from turkeys. One strain, serotype-F-strain ORV 94084 K858 ORT (strain no 46), showed a totally different profile and was placed in cluster V.
If an Sd of 50% was used as distinctive linkage level 3 clusters (α,ß and γ ) could be distinguished. Cluster α contained the clusters I, II and III, in which all of the serotype A, B and C strains were placed. The clusters ß and γ were identical to the clusters IV and V respectivily.
OMP. Using a Sd of 90% as a distinctive linkage level, 5 different OMP-profile clusters could be discriminated ( Figure 2 and Table 1 ). The lowest Sd was found to be 84%, comparing the clusters 1, and 2 with the clusters 3, 4 and 5. Clusters 1 and 2 had an Sd of 85%, cluster 3 had an Sd of 87% with the clusters 4 and 5 and cluster 4 had an Sd of 89% with cluster 5. No correlations could be found between the OMP clusters and AFLP, serotyping, bird species and origin.
DISCUSSION
All strains that tested biochemically and serologically as O. rhinotracheale, were identified as such by AGP or the PCR. The PCR was found to be specific and thus useful for identification purposes. The primer combination OR16S-F1 and OR16S-R1 amplifies a 784 bp fragment of the rnn gene of O. rhinotracheale but not of other bacteria with which O. rhinotracheale may be confused. This PCR should also be suitable for the demonstration of O. rhinotracheale in e.g. eggs, faeces, dust-or tissue samples. But the sensitivity of the assay needs to be improved.
The results of the AFLP indicate that, within the species O. rhinotracheale, subgroups do exist. The choice of the primer-set affects the number of fragments in the AFLP banding patterns and therefore is of importance for the interpretation of similarities, Janssen et al. found that a decrease in the number of bands resulted in significantly lower linkage levels between clusters (6). The primer-set we used, produced between 18 and 28 bands in the AFLP banding pattern of O. rhinotracheale strains. Janssen et al. (6) found that for the genera Xanthomonas and Aeromonas, using between 15 and 25 bands in the AFLP banding patterns, species could be distinguished at Sd-values of about 60% and 64% respectivily. In the same study most of the subspecies of Xanthomonas axonopodis and Xanthomonas vasicula could be distinguished at Sd-levels higher than 70%. Although we do not know anything about the differences between these genera and Ornithobacterium with regard to e.g. the ability to exchange genetic material, we propose the arbitrary Sd-values of 70% and 50% as levels at which subspecies and species should be separated, respectivily. Based on this assumption O. rhinotracheale should be divided into at least 5 subspecies (I to V) or even that the genus Ornithobacterium should be divided into 3 "species" α, ß and γ, of which α can be divided into 3 subspecies). However, we did not find other arguments in this study that convincingly could confirm the division of Ornithobacterium into 3 species. Although all serotype A, B and C strains were found in "species" α including the AFLP clusters I, II and III, and all serotype D strains were found in "species" ß, several other serotypes were found to be represented in both these "species" (Table 1) . Furthermore, the 3 serotype F strains than would belong to the 3 different "species". investigated the 16S rRNA sequence, DNA-DNA binding values and G+C contents; they found high similarity between strains. Only 2 strains used in both studies, B3263/ 91 (AFLP cluster I, serotype A) and GGD-1261 (AFLP cluster I, serotype B), were included in our study, so no comparison between the studies can be made. In conclusion, we believe that the clusters of O. rhinotracheale strains, found with the genomic fingerprinting AFLP-assay, might be regarded as (sub)species, but more research is needed before changes should be proposed in the current nomenclature.
The OMP profiles showed high similarity levels (Sd > 84%) similar to the data a Strain no 34 was at the beginning of these studies misinterpreted as serotype D. from Vandamme et al. (13) with total protein profiles (Sd > 89%). Using an Sd of 90% as an arbitrary distinctive level, no correlation of OMP profiles with either the serotyping or AFLP profile as tested in this study was found. These data do not support the idea that (sub)species of O. rhinotracheale do exist. However, the Sdlevels of the total-protein profiles of the 5 species of the genus Capnocytophaga, found to be closely related to O. rhinotracheale, showed the same narrow range of Sd-levels of the total-protein profiles (13) and the OMP-profiles of O. rhinotracheale (this study).
In conclusion, the high similarity of OMP profiles among the tested O. rhinotracheale strains without any correlation with the different serotypes found, suggesting that the tested isolates, originating from all over the world and from several bird-species, are represented by a small group of closely related clones. But the AFLP results in this study suggest a larger distance between subspecies of O. rhinotracheale or even species of Ornithobacterium. This should be investigated more thoroughly e.g. by looking at markers covering the whole genomen. Figure 1 : Digitized AFLP patterns obtained from DNA of 53 O. rhinotracheale strains. Clusters I -V were separated by using an Sd of 70% as a distinctive linkage level. Clusters α, ß and γ were separated by using an Sd of 50% as a distinctive linkage level. bp = base pairs. Numbers correspond with the strain numbers listed in Table 1 . Table 1 .
